The old-growth endemic Imeretian oak [Quercus robur subsp. imeretina (Steven ex Woronow) Menitsky, 1968] is a protected relict Tertiary period tree still preserved in Ajameti Managed Reserve (Republic of Georgia). For a long time, these forests were experienced to the strong anthropogenic influence. The old-age oak trees and the development of root and stem rot have promoted the settlement of great capricorn beetle [Cerambyx cerdo Linnaeus, 1758 (Coleoptera: Cerambycidae)]. Both of species are protected under the EU Habitats Directive and listed in the IUCN Red List of Threatened Species. The investigation of settling degree of C. cerdo was conducted at two areas, Ajameti and Vartsikhe, on the edge and in the middle of oak forests in June and October 2014. On both the areas, the number of trees with fly exit holes of great capricorn beetle was higher on the margin of forests where plantations suffer greater of human impact. The number of fly exit holes of imago is significantly increased due to deterioration of sanitary condition of forests. The measures of management conservation at Ajameti Managed Reserve were proposed.
IntroductIon
Imeretian oak (Quercus robur subsp. imeretina) is a protected relict Tertiary period tree in Ajameti Managed Reserve (Firsov 1998 ). It was first described in 1968 (Euro+Med 2006+; Menytskiy 1971) , and nowadays, it is recognised by the majority of dendrologists (Catalogue of Life: 30 July 2015). Moreover, Q. robur subsp. imeretina is a rare endemic tree of Colchis lowland (Kolkhida) in western Georgia and on the small places along the Black Sea in Russia. It belongs to the family of Fagaceae and is spread only in Georgia, especially in its western part, and can also be found in Abkhazia, Lower Svaneti, Racha-Lechkhumi, Samegrelo, Imereti, Guria and Ajara; as relatively significant woodland, it is represented only in Imereti region (Report on forest pathology study of Ajameti Strict Nature Reserve 2007).
However, the impact of anthropogenic factors (deforestation because of agricultural activities, cutting down trees for timber and fuel, etc.) led to the reduction of Q. robur subsp. imeretina areas (Nakhutsrishvili 2013) . According to the data of Gulisashvili et al. (1975) , Imeretian oak forests grow only in the eastern part of West Georgia on a heavy and clay soil with deep level of groundwater (6-8 m and deeper) . This region has a soft maritime climate and high precipitation throughout the year, which to some extent compensates depth of groundwater. Climate is conducive to frequent repetition of productive years and the acorns begin to germinate in the autumn (Gulisashvili et al. 1975) . The composition tree forest stands also includes Georgian oak (Quercus petraea subsp. iberica (Steven ex M. Bieb.) Krassiln.), Zelkova trees (Zelkova carpinifolia (Pall.) C. Koch), Oriental hornbeam (Carpinus orientalis Mill.), European hornbeam (Carpinus betulus L.). Imeretian oak can also form the monodominant tree stands. Imeretian oak appears singly or in groups in the forests of the northwestern part of Colchis lowland. Imeretian oak adapts well to the long-term summer draughts at the places; does not grow well on bad non-developed, macadam and detritus lands; and grows well on the clayey soil (Report on forest pathology study of Ajameti Strict Nature Reserve 2007).
The previous forest management on these areas determines the current state of Ajameti's oak forests. The presence of old-growth oak forests in densely populated area is due to this area being guarded as hunting grounds for Georgian kings. Ajameti forest was one of the beloved hunting areas for Georgian kings for centuries and thus is well protected. It was also the ancestral allod of the King Solomon of Imereti (Report of forest pathology study of Ajameti Strict Nature Reserve 2007).
In Ajameti Managed Reserve, the oak trees have been damaged by great capricorn beetle for a long time. The great capricorn beetle (Cerambyx cerdo) together with the other major xylophages and saprophagous, in particular with stag beetle (Lucanus cervus Linnaeus, 1758) and hermit beetle (Osmoderma sp.), refer to the umbrella species that represent the diversity of the endangered fauna associated with old oaks (Buse et al. 2008; Ducasse and Brustel 2008; Chiari et al. 2012) . C. cerdo is explicitly protected under the EU Habitats Directive (Council of the European Communities 1992), classified as globally vulnerable according to the IUCN Red List of Threatened Species (The IUCN Red List2015) and is nearly a threatened species in Europe (Nieto and Alexander 2010) . C. cerdo disappeared in the United Kingdom (Alexander 2002); its population is rapidly reducing in the northern part of the areal (Sláma 1998; Ehnström and Axelsson, 2002; Starzyk 2004; Jurc et al. 2008; Ellwanger 2008 ), but it is still relatively high on the south, in particular on the Caucasus (Sláma 1998; Sama 2002; Miroshnikov 2009 ). The centres of C. cerdo mass reproduction had been observed in different years on the Caucasus: in Georgia and Abkhazia (Lozovoy 1965; Rudnev 1957) , Armenia (Mirzoyan 1977) , Azerbaijan (Samedov 1963 ) and the North Caucasus (Dobrovolsky 1951; Miroshnikov 2009 ). Miroshnikov (2009) points out that on the Black Sea coast in recent decades, the C. cerdo population remains high, although it occurs on the small areas or on the individual trees.
Morphological features of great capricorn beetle is very well studied (Rudnev 1957; Lozovoy 1958b; Sama 2002) . It is known that the larvae of C. cerdo develop mainly in the trunks, branches and even roots of oldgrowth oaks (Quercus spp.), but chestnut (Castanea sativa), probably elm (Ulmus sp.) and common walnut (Juglans regia), can also be inhabited (Sláma 1998) . Their development takes three or more years and imago (24-65 mm long) active from May to August, with peaking in June and early July (Heyrovský 1955; Slá-ma 1998; Sama 2002) . The typical oval exit holes up to 20 mm wide on the trunk or thick branches can be the typical signs of adults' recent activity (Buse et al. 2007) . Also, it is provided that beetle prefers old, sunexposed trees and some characteristics of tree such as tree vitality, age, trunk diameter, thickness of bark, distance to the next colonised tree and trunk insolation increase the probability of the occurrence of C. cerdo (Sláma 1998; Buse et al. 2007 ). In the literature, C. cerdo is considered to be a physiological and technical pest. At the beginning, the first year larvae feed itself in the thickness of bark only on alive but weakened tree, then they move under the bark deep into the wood where they make feeding road in length from 40-60 to 100 cm even next years (Lozovoy 1958b; Sama 2002) . The distribution of C. cerdo in a landscape and amongst trees are described very well (Buse et al. 2007 (Buse et al. , 2008b ) and the distribution of C. cerdo exit holes in old open-grown oaks in relation the height above the ground, shading, cardinal orientation and diameter of the parts of the trunk inhabited were studied by Albert et al. (2012) . Rudnev (1957) , who studied the development of C. cerdo in the forests of Ukraine, Abkhazia and Georgia, considered that great capricorn beetle is only populated on live but weakened trees and stumps of fresh oaks. Other tree species, in his opinion, are very rarely inhabited. However, many authors believe that the great capricorn beetle is a feature of the wider stern specialisation. According to the data of Samedov (1963) , in Azerbaijan, C. cerdo often appears in orchards and deciduous forests. Miroshnikov (2009) and Albert et al. (2012) indicate a wide range of forage species of C. cerdo. The settlements of great capricorn beetle were found only on two species of oaks in Ajameti -Imeretian oak and Iberian oak.
Some papers note that the improper management and industry caused the distribution of this pest during the second half of 19th century in Ajameti oak stands, and according to the data of Supatashvili et al. (1967) , by the 1950s of the 20th century, the number of trees occupied by C. cerdo was about 13%. Rudnev (1957) showed that the population of great capricorn beetle in Ajameti Managed Reserve ranged from 9% (in the middle of forest) to 29-42% in the areas near the village. A survey conducted in 2007 indicated that C. cerdo may widely spread within the oak stands and since that 20% of forest has been damaged (Report on forest pathology study of Ajameti Strict Nature Reserve 2007).
Our primary goal was to assess the current health status of Imeretian oak forests on the territory of Ajameti Strict Nature Reserve, to determine the impact of great capricorn beetle on their conditions owing to many years of exploitation and to propose the measures to further forest management in these forests stands.
MAterIAl And Methods
The field research was conducted in June and October 2014 on the territories of two woodlands areas in Vartsikhe and Ajameti (Ajameti Managed Reserve). A total of four sampling plots were established: two on the edge of forests (per 60 trees on each plots) and two in the middle of the forests (per 115 trees on each plots) in two research localities. The study of the sanitary condition of forest plantations was conducted using the forest-pathological examination. Six categories of tree sanitary condition were determined for oak tree stands on each plots (Vorontsov et al. 1991) : I, healthy trees (normal tree stands without features of affection); II, weakened trees (local weakening of branches and affection by pests); III, strongly weakened trees (strong weakening of branches, slight weakening of the trunk, local features of affection by pests); IV, dried trees (drying branches, strong weakening of trunk, large-scale features of affection by pests); V, dead trees of current year (dried branches and trunk, large-scale features of affection by pests); and VI, deadwood of previous years (dried destroying branches and trunk, total development of pests). All trees were numbered on each sampling plots and measured for their diameter at breast height in each plots and classified according to IUFRO criteria based on the recognition of two main aspects of trees: the biological (height class, vitality, developmental tendency) and the silvicultural or economic (stem quality) (Leibundgut 1958; Ouellet and Zarnovican 1988) . For establishing the features of distribution of great capricorn beetle and the sanitary condition of Imeretian oaks in Ajameti Managed Reserve, the all trees count was conducted using 'research lines' (Mozolevskaya et al. 1984) . These lines had been built in the tree stands the degree of human impact with the account the number of paths and roads, places of grazing were taken into consideration. These lines had been built diagonally in the forests to ensure that all trees were included with taken into consideration the degree of human impact and the account the number of paths, roads and places of grazing. The presence of fly exit holes of a great capricorn beetle was calculated and recorded for every tree.
For estimation, IUFRO criteria (height class, vitality, developmental tendency), advanced models (generalised linear/nonlinear (GLZ) models) and basic statistic (tables and banners, Pearson chi-square) were used in Statistica 10 (StatSoft Inc. 2011) software. Nonparametric statistics and two-by-two tables dialogs were used for the assessment total amount of Imeretian oak trees inhabited by C. cerdo between and inside of the examined places. The impact of categories of the sanitary conditions and the diameter of the trees on the population of C. cerdo were evaluated using the GLZ models and analysis of covariance (ANCOVA). One-way analysis of variance (ANOVA; tests of homogeneity of variances: Cochran C, the Bonferroni post-hoc test) was used for showing the impact of category of the sanitary condition on the degree of settling trees by great capricorn beetle. The Bonferroni post-hoc test was conducted to determine if there were differences between each categories of sanitary conditions. The Shapiro-Wilk test (p < 0.05) was used for checking whether the data is normally distributed for each group and assessed by boxplots. Homogeneity of variances was violated and assessed by inspection of each boxplot.
results
In total, 350 oaks were observed on the territory of two places in Ajameti Managed Reserve (includes two woodlands, Ajameti and Vartsikhe). The mean of diameter (at 1 m above the ground) with the standard deviation (SD) of tree were 34.1 cm (±8.5) at Vartsikhe edge of forest, 52.6 cm (±8.5) at Vartsikhe central part of forest and 53.8 cm (±13) and 49 cm (±8.8) at the Ajameti edge and central part of forest, respectively.
Statistical analysis showed no dependencies between trees classified according to the IUFRO criteria and the settling degree of great capricorn beetle. The sanitary condition of oak forests was the main parameter that determined the number of oak trees inhabited by C. cerdo. Generally, 866 fly exit holes of C. cerdo were recorded. In the surveyed oak stands, the fly exit holes were mainly concentrated at the bottom of the tree up to 2-2.5 m from the base of the trunk. Only on one tree, where the main branch was broken by the wind, fly exit holes of C. cerdo were located at 4.5-5 m from the base of trunk.
The survey conducted on the territories of Ajameti and Vartsikhe has shown that the percentage of trees inhabited by great capricorn beetle was larger on the edges and lower in the central parts of both research places (Fig. 1) .
Nonparametric statistical analysis showed a significant difference between the numbers of trees inhabited by C. cerdo in the central and outer parts of each forest plots. For Imeretian oak forests on the territory of Ajameti strict reserve, test revealed that V-square = 4.02, df = 1 and p = 0.0449, and for Vartsikhe's oak forests stands, test revealed that V-square = 4.92, df = 1 and p = 0.0266. The deterioration of the sanitary condition on the number of growing trees inhabited by C. cerdo was detected (Fig. 2) . During the surveys, the trees of category I of the sanitary conditions with fly exit holes of great capricorn beetle were not revealed. The percentage of the trees populated by C. cerdo varied from 34.8% (category II -weakened trees) to 90.9% (category V -dead trees this year). According to the results of GLZ models for all examined trees, the diameter of trees has no significant influence on the distribution of great capricorn beetle in Imeretian oak forests (Chi-Square = 1.31959; р = 0.2500665) but the category of sanitary conditions of trees affected significantly on it (Chi-Square = 26.03517; р = 0.0000009). GLZ analysis for trees inhabited by C. cerdo showed that the number of fly exit holes on one trunk was positively affected by the diameter and the category of the sanitary condition of this tree and interaction of both these effects (Tab. 1). Statistical analysis determined the significant difference between the distribution of great capricorn beetle (number of fly exit holes) in trees in the different categories of sanitary condition (Tab. 2).
There was statistically significant difference between the numbers of fly exit holes in trees of categories ІІ, ІІІ and IV of sanitary conditions compared to category V. Also, the interaction of diameter and categories of health conditions has a significant influence on the distribution of C. cerdo. Essentiality of the joint impact of interaction of diameter and categories of sanitary condition of oak trees (II and III) to the numbers of fly exit holes compared to category V were statistically confirmed. On the other hand, significant differences between the joint impact of interaction of diameter and categories of sanitary conditions of oaks between dried trees and dry trees of current year (categories IV and V) were not detected. Significant impact of categories of sanitary condition on the distribution of great capricorn beetle (F = 28.233, df = 3.70, p < 0.0001) was detected.
The Bonferroni post-hoc test (Tab. 3) also revealed a significant difference between the degree of settlement (number of fly exit holes of C. cerdo) on the trees of categories II and III of sanitary conditions compared to the trees of other categories of sanitary conditions. There were no statistically significant difference between categories IV and V of sanitary conditions (Fig. 3) but the number of fly exit holes on the dried trees of current year (category IV) is higher than that on the dried oaks (category V; Fig. 3 ). 
dIscussIon
The decrease in great capricorn beetle habitats under the influence of cutting mature forests and as a result of reducing the number of separately growing old oaks caused a decrease in the number of this species within its global population (Nieto and Alexander 2010) .
On the territory of Ajameti Managed Reserve, there is a conflict of interests between the two species, which should be protected, Imeretian oak and the great capricorn beetle. In our opinion, this centuries-long conflict was laid by economic forest management activity in oak forests on the territory of Ajameti Managed Reserve. Rudnev (1957) showed that in the early 19th century, the great capricorn beetle was not directly involved in the destruction of oak forests in Ajameti Managed Reserve. First, root rot caused the deterioration of oak forests, and before the massive development of C. cerdo, there the intensive economic activity conducted in the past has reduced the biological sustainability of the forests and as a result of cattle drives, conditions for the distribution and development of great capricorn beetles have been created (Shavliashvili et al. 1980) . During our study, the large number of oak trees vegetated origin was observed on the current territory of Ajameti Managed Reserve. According to the data of Makhatadze and Urushadze (1977) , Imnadze et al. (1989) , Gigauri (2000) , 70-75% of oak stands in the Ajameti Managed Reserve are of vegetative origin. These are less resistant to unfavourable factors and often affected by root rot, which in turn contributes to the further weakening of trees and creates conditions for the development of great capricorn beetles and other xylophagous beetles. The presence of a significant number of older trees damaged by root rot and other factors is a prerequisite for long-term existence of mass reproduction of C. cerdo. Albert et al. (2012) indicates the strong relationship between the diameter of tree and the number of fly holes on the tree. Also, this study revealed that the number of exit holes in the trunks of large, open-grown oaks was positively associated with the diameter of the trunk and openness and negatively with height above the ground, and the effects of diameter and openness changed with height (Albert et al. 2012 ). In the oak forests of Ajameti Managed Reserve, the fly exit holes of great capricorn beetle were often concentrated in the lower part the tree trunk (up to 1.5-2 m), but one tree with processions and fly exit holes of C. cerdo at a height of 4.5 m with broken thick branch was also found during the survey.
The physiological condition of the tree plays a decisive role in the settlement of great capricorn beetle (Rudnev 1957; Albert et al. 2012) . Our research also showed that the determining criterion for settlement of great capricorn beetle is the sanitary condition of trees, and the more weakened trees are more suitable for settlement and development of C. cerdo.
Meanwhile, the scientists and environmentalists pay more and more attention to the preservation of dead wood in the forest. WWF believes that the existence and the condition of the dead wood are a kind of practical indicator of the health and biodiversity of forests (Dudley and Vallauri 2004) . Dead wood is a natural component of healthy forest. The presence of rotten wood creates the favourable conditions for the development of saprotrophic or saproxylic organisms (Nieto and Alexander 2010) . The presence of dead wood in forests is considered as a way to improve forest management in the direction of convergence with the natural ecosystems. Sustainable management and forest conservation cannot be maintained without a significant number of fungi, vertebrate and invertebrate organisms that are functionally linked to the dead wood in forest ecosystems (Dudley and Vallauri 2004) . The protection of many species of vertebrates in particular bats and bird species that nest in hollows trees is a very important task, which is solved in the case of conservation for-ests with dead wood. In our opinion, the old trees and dead wood should be maintained and protected on the territory of Ajameti Managed Reserve based on the following requirements of the WWF (Dudley and Vallauri 2004) : identifying and protecting key sites to maintain essential reference forests for deadwood species; developing effective strategies for deadwood management within protected areas and Natura 2000 sites; stopping removal of veteran trees and dead wood within IUCN categories I-IV protected areas; strengthening prevention, information and education; and using active restoration measures where needed. The old-growth oak forests play an important role in fixation and preserving the carbon in ecosystems. This is one way to reduce the amount of greenhouse gases in the atmosphere (McPherson and Sundquist 2013) . That is why, Ajameti oak forests also play an important ecological role and need to be protected and conserved.
However, many old-aged and dead oaks may be the cause of possible social conflicts with local people who consider the dead wood only as an opportunity to get wood for heating. Therefore, the presence of dead and fallen trees by wind is perceived as forest mismanagement and as a source of the spread of diseases and pests to the healthy tree stands. For our opinion, a very important problem for Ajameti Managed Reserve is that the process of Imeretian oak natural regeneration is not satisfactory. That is a threat of function to those unique forests in the future. Self-seedlings of oak die under a closed canopy of trees or shrubs damaged by root pathogens and powdery mildew. oak plantations Useless perform any actions, it is possible to gradually replace Imeretian oak forests on the derivative forests of hornbeam, maple or, at best way, in the forests of Iberian oak. Without measures to restore the Imeretian oak is the danger of gradual replacing these unique forests on the derivative hornbeam, maple forests or, as the best way, on the Iberian oak forests.
The active measures against great capricorn beetle in Ajameti are not needed. Greater attention should be focused on the reproduction of Imeretian oak stands by promoting its natural regeneration or, if necessary, planting oak forests. For the derived plantings that had emerged because of forest management in previous decades, it is worth to provide reconstruction of these tree stands. On the territory of Ajameti Managed Reserve, the process of falling away old-growth trees is ongoing (owing to the presence of stem rot and damages by wind, they breaking down). As a result, there are two possible scenarios. 1. The natural regeneration of Imeretian oak in the areas where it is fallen down by wind can lead to the gradual formation of different ages tree stands. For intensification of the process of natural regeneration in the conditions of the nature reserves, the creation of under canopy stands and partial planting cultures by sowing Imeretian oak acorns should be performed. 2. The growth of secondary tree species and shrubs (including rhododendron and cornusets) in the gaps that are being arisen. In this case, undesirable change in tree species will take place with the formation of derived tree stands with a predominance of hornbeam, Zelkova and maples in tree stands compositions. Moreover, the work of cutting down and removal of old decline trees, dead wood and wind fallen trees should be limited because such elements are associated with the rare species of mosses, lichens and insects -xylophagy (including great capricorn beetle and other species).
During the forest management operations, it is necessary to distinguish areas where processes of functioning of the old-growth oak stands (like natural forests) are the best occurred. These places can be a kind of 'cores of biodiversity' and should be placed in the middle of the forest, away from roads and livestock routes places. Moreover, the activities should be limited except perhaps only promotion of Imeretian oak natural regeneration. The protection and conservation of the old-growth forests including the one damaged by stem rot or dead trees is currently considered as an important task for foresters and environmentalists (Dudley and Vallauri, 2004) . The conservation activities on the territory of the Ajameti Reserve should be developed according to the three directions: (1) protection and conservation of the best-preserved areas of the old-growth Imeretian oak stands, (2) restoration of forests stands with a predominance of Imeretian oak in trees composition and (3) activities in the field of environmental education, tourism and recreation.
During the forest management planning activities, a scheme of functional zoning of the reserve and differentiated regalement for conservation activities of its various parts should be developed. It is possible to select areas such as: 1. The zone of special protection. It should include the best-preserved old-growth Imeretian oak stands. It is not necessary to perform any economic activities to avoid disturbances in natural processes. 2. The areas where it is needed to carry out forestry activities for the support of Imeretian oak natural regeneration and the maintenance of existing selfseeding. Such activities should be conducted to prevent the overgrowth of grasses (in particular blackberries) in the gaps inside tree stand and to thin out (cut) self-seeding shrubs and secondary tree species in order to ensure the better conditions for growth and development of Imeretian oak self-seeding. If self-seeding process is characterised by insufficient quantities, it is also necessary to carry out the sowing of Imeretian oak acorns. 3. The area of derivative stand. In the derived stands with a predominance of hornbeam or Zelkova, the measures to reconstruct and restore Imeretian oak forests on such areas should be conducted. 4. The strongly affected areas with paths, roads and trampled grass large places. The measures to restore of Imeretian oak stands on these territories will require long-term efforts and considerable resources. Whilst creating the under canopy plated stand, it is necessary to fence the young trees and prevent their damage or trampling by wild animals and livestock. Ajameti Managed Reserve consists of three clusters of different sizes. The Ajameti station is the most promising for restoring of Imeretian oak. The smaller clusters -such as Vartsikhe and Sviri -require a different forest management regime. The forest management must correspond to the state of Imeretian oak stands in different parts of the reserve in order to be able to decide whether the selection of certain areas and the possible mode of economic intervention are reasonable.
conclusIons
The current state of Imeretian oak stands at Ajameti Managed Reserve is the result of long-term human impacts (including logging, grazing cows and pigs) that is continued to the present. The presence of a significant number of weakened oaks creates the appropriate conditions for the development and distribution of C. cerdo. Forest management on this territory should be focused on the protection, the conservation of old-growth oak stands and the reconstruction of derivative tree stands with the main aim of recreating the origin type of Imeretian oak forests.
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